Abstract. Timely and accurate diagnosis of mature B-cell neoplasm (MBN) subtypes is crucial for initiating a proper management plan. The aim of this study was to evaluate the diagnostic utility of CD200, CD148 and CD160 in different MBN subtypes using two discriminatory statistical techniques, namely receiver operating characteristic (ROC) curve analysis and support vector machine (SVM). This study included 86 patients with MBNs, 61 males and 25 females, whose data of medical histories and clinical examinations were collected. Fresh blood/bone marrow specimens were also collected and subjected to detailed morphological, cytogenetic and flow cytometric immunophenotypic examination. Diagnosis was established according to the 2017 WHO guidelines. The discriminatory performance of single and combined markers was assessed using ROC analysis. The discriminatory accuracy of the best markers was analyzed using SVM and compared to ROC analysis. The results revealed that CD148/CD200 demonstrated the best diagnostic utility in discriminating mantle cell lymphoma (MCL) from chronic lymphocytic leukemia (CLL), and hairy cell leukemia (HCL) from lymphoplasmacytic lymphoma (LPL) plus splenic marginal zone lymphoma (SMZL), with a sensitivity and specificity of 100% at signal ratios of >2.6 and <0.15, respectively. CD200 demonstrated equivalent diagnostic performance only in discriminating HCL from LPL plus SMZL at a signal cut-off value of >279. Discrimination between SMZL and LPL was unfeasible with any of the used markers. The discriminatory accuracy of SVM using CD148 and CD200 was comparable to that of ROC analysis. On the whole, the findings of this study indicate that CD148/CD200 demonstrated the best diagnostic utility in discriminating MCL from CLL, and HCL from LPL plus SMZL. Combined markers offer a diagnostic value, particularly in difficult cases with anomalous marker expression. SVM could be used for the efficient analysis of flow cytometric data.
Introduction
Mature B-cell neoplasms (MBNs) are the most common lymphoproliferative disorders (LPDs) involving the peripheral blood (PB) and bone marrow (BM). They represent >80% of all lymphoid tumors. MBNs are a diverse group of diseases, including chronic lymphocytic leukemia (CLL), mantle cell lymphoma (MCL), follicular lymphoma (FL), splenic marginal zone lymphoma (SMZL), lymphoplasmacytic lymphoma (LPL), B-cell prolymphocytic leukemia (B-PLL) and hairy cell leukemia (HCL) (1) . The accurate differential diagnosis is critical for the initiation of an effective treatment protocol.
The characterization of the cluster of differentiation (CD) expression patterns in different MBNs has permitted their utilization as molecular markers for the development of a flow cytometry-based differential diagnostic scheme for the different MBNs types. For example, the detection of CD5 surface expression in clonal B-cells has served to narrow the diagnostic possibilities among the several subtypes of B-cell lymphomas. This is due to the fact that CD5 + B-cells are mainly observed in CLL and MCL (2) (3) (4) . Assaying for CD23 expression in addition to CD5 greatly facilitates the differential diagnosis of CLL from MCL (5) , as the majority of cases of CLL are CD23 + , whereas the majority of cases of MCL are CD23 -. The complete discrimination between the different subtypes of MBNs is still far from being accomplished using the currently identified CD markers. For example, the differential diagnosis of CLL from MCL could not be achieved in all cases as many CLL cases do not exhibit their known cell morphological pattern together with a weak or even no expression of CD23. Conversely, some MCL cases exhibit immunophenotypic characteristics of CLL (6) . In addition, other subtypes of B-cell neoplasms may exhibit an atypical expression of CD5, thus overlapping with MCL and CLL (7) (8) (9) (10) . Further challenges arise when considering the differential diagnosis of CD5 -B-cell neoplasm subtypes due to the observed immunophenotypic overlap, such as that observed between the HCL and SMZL types (11, 12) . The imperfect discriminatory performance of the currently standard CD markers in MBNs highlights the need for use of multiple markers and/or additional markers in order to improve the overall performance of multiparameter flow cytometry-based differential diagnosis.
The CD200 marker, also known as OX-2, is a highly conserved type IA transmembrane glycoprotein that is expressed in a wide range of immunocytes, including myeloid cells, dendritic cells and B and T lymphocytes. Several studies have demonstrated that CD200 is upregulated in hematological malignancies, including multiple myeloma and acute myeloid leukemia and that it is associated with a poor prognosis (13) (14) (15) . Importantly, CD200 has been shown to exhibit a differential expression pattern in different MBNs subtypes, being highly expressed in CLL and HCL, but not in MCL (16, 17) . This expression pattern has made CD200 a helpful marker in the differential diagnosis of the different MBN subtypes. CD148 (DEP-1 or PTPRJ) is a receptor-type protein tyrosine phosphatase that has been reported to be expressed in the majority of mature T cells and subsets of B cells. CD148 processes a growth-stimulatory activity and has been found to be differentially expressed in CD5 + MBN subtypes, being overexpressed in MCL, but not in CLL (18) . Thus, CD148 may be a useful marker for the differential diagnosis of MCL and CLL. Another potentially useful diagnostic marker is the CD160 marker that has been reported to be highly expressed in the majority of CLL and HCL cases (19) . CD160 is an Ig-like activating natural killer (NK) cell receptor that is expressed in the majority of circulating NK cells and a subset of circulating cytotoxic T cells, but is not normally expressed in B-cells (19) . However, the diagnostic utility of CD160 among the different MBNs subtypes has not yet been well established.
Receiver operating characteristic (ROC) analysis has been the gold standard tool utilized to assess the discriminant performance of a diagnostic test/classifier/biomarker between 2 classes. Its algorithm depends on assessing the true-positive rate (sensitivity) and false-positive rate (1-specificity) at each biomarker threshold (20) . One practical limitation of ROC analysis in hospital settings is the requirement of a single biomarker as a classifier. In the case that 2 or more biomarkers are used to enhance the accuracy of classification, methods are required to obtain a single composite parameter before applying ROC analysis. This could be achieved, for example, by using the ratio of 2 biomarkers or in the case of multiple biomarkers, by using linear discriminant analysis or logistic regression analysis (20) . Support vector machine (SVM), on the other hand, utilizes a completely different algorithm to discriminate different classes by finding a decision hyperplane with maximal distance to the nearest data points (support vectors) (21) . SVM can handle classification by multiple biomarkers easily by transforming data to a higher dimensional feature space using kernel function, where a discriminatory hyperplane can be found (22) . Discriminatory hyperplane in p-dimensions is a p-1 dimensional subspace. In this regard, we hypothesized that SVM may be more suitable for the analysis of the complex data generated in the setting of multiparameter flow cytometry. In addition, the SVM algorithm is amenable to automation, rendering it a useful tool for the analysis of data generated in settings of multiparameter flow cytometry. However, SVM utilization in the analysis of flow cytometry data is still uncommon and its discriminatory accuracy needs to be verified against the well-established ROC analysis.
The first objective of the current study was to capitalize on the differential expression patterns of CD200, CD148 and CD160 in the different MBN subtypes to characterize their discriminatory performance, both as single markers or in combination in the multiparameter flow cytometry-based diagnostic setting. The second objective was to evaluate the performance of the SVM classifier in the differential diagnosis of MBNs against the well-established ROC analysis.
Subjects and methods
Study subjects. This study included 86 newly diagnosed patients with B-cell non-Hodgkin lymphomas, 61 males and 25 females, and ranging in age from 42 to 73 years. All patients presented to the Medical Oncology Clinic, Zagazig University Hospital, during the period from September, 2014 to June, 2017. Informed consents were obtained from all patients. The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki and was approved by the Institutional Review Board, Zagazig University Hospital, Faculty of Medicine. A medical history was collected from participant patients who were then subjected to detailed clinical examination. Fresh PB, and when needed BM specimens, were collected and subjected to thorough morphological, cytogenetic and flow cytometric immunophenotypic examination. Final diagnosis was established according to the 2017 WHO guidelines (1).
Inclusion and exclusion criteria. Any patients newly diagnosed B-cell non-Hodgkin lymphoma according to the WHO criteria and how had provided consent to participate in the study were included. Cases with an uncertain diagnosis, the existence of a definitive pathology, or previous chemotherapy were excluded from the study.
Flow cytometry analysis.
Multicolor flow cytometric analysis was performed on fresh PB/BM specimens. All BM samples demonstrated a purity >80% with no hemodilution problems. For combined antibody (AB) staining, 100 µl heparinized whole blood were incubated with 5 µl of FITC-labeled mouse anti-human anti-CD19 AB (clone H1B19, cat. no. 555412, BD Biosciences) and 5 µl of either PE-labeled anti-CD200 AB ( and <10 2 , and a strong expression when the MFI was >10 2 . Routine machine calibration and fluorescence compensation was performed on a daily basis according to the standard operating procedure of our clinical laboratory using standard fluorescence beads (CaliBRITE beads; BD Biosciences). Analysis was carried out using a BD FACSCalibur with CellQuest software (BD Biosciences) by an investigator who was blinded to the patients' clinical and laboratory data.
Statistical analysis. The distribution of MFI was examined using the Kolmogorov-Smirnov and Shapiro-Wilk tests. The results are expressed as medians ±95% confidence intervals. Comparisons between groups were performed using Kruskal-Wallis one-way analysis followed by the Dunn-Bonferroni post hoc test. To assess the diagnostic cut-off value for the examined markers in discriminating among the different types of MBNs, sensitivity and specificity analysis was performed using the ROC curves. To assess the diagnostic value of combining 2 markers, the MFI ratio of the 2 markers was used in ROC analysis. The area under ROC curve (AUC) was used to compare the overall discriminatory performance of different markers to assess their utility as diagnostic test. In general, an AUC >0.97 is considered excellent, between 0.93 to 0.96 is very good, between 0.75 to 0.92 is good or moderate, and <0.75 is poor and not clinically useful (23, 24) . Statistical comparisons of the ROC curves were made and evaluated using the method described in the study by DeLong et al (25) .
To examine the discriminatory performance of SVM in the setting of flow cytometry-based differential diagnosis of MBN subtypes, the data were analyzed using SVM-optimized classification models and compared to ROC results. The SVM best classifier models were constructed by optimizing the C-parameter. The produced classifier model could be used for class prediction in future data.
A P-value <0.05 was considered to indicate a statistically significant difference. GraphPad Prism 6 (GraphPad Software Inc.), SPSS (Statistical package for social Scientists) version 20 (IBM Inc.) and MedCalc version 14.8.1 (MedCalc Software bvba), were used in the analysis. The freely available LIBSVM (26) functions in the e1071 package version 1.6-8 (https://cran.r-project.org/web/packages/e1071/index. html) were used in the open-source R statistical environment (http://www.r-project.org).
Results

Diagnosed MBN types.
We identified 47 cases of CLL, 12 cases of MCL, 10 cases of LPL, 7 cases of SMZL, 4 cases of HCL, 3 cases of B-PLL and 3 cases of FL cases. Due to the few identified numbers, we did not include B-PLL and FL in the statistical analysis. The clinicopathological characteristics of the studied patients are presented in Table SI .
Fluorescence characteristics of the examined markers in the studied MBN cases. The distributions of the cases according to the examined markers and MFI are presented in Table I and Fig. 1 . Consistent with the findings of previous research (18) , the expression of CD148 was higher in MCL vs. CLL (Fig. 1A  and C) . On the other hand, the expression levels of CD200 and CD160 were higher in CLL compared to MCL (Fig. 1B and C) . A significantly greater percentage of CLL cases exhibited a strong CD200 and CD160 expression compared to the MCL cases (Table I) . By contrast, a significantly greater percentage of MCL cases exhibited a higher CD148 expression compared to the CLL cases (Table I) . As shown in Fig. 1C , the MFI was not normally distributed in all MBN cases.
SMZL exhibited a similar expression pattern to that of MCL, with a low expression of CD200 and CD160 compared to CD148 (Fig. 1C) . The LPL cases exhibited a higher expression of CD148 than CD200 and CD160 (Fig. 1C) . Four cases with HCL were identified in this study.
ROC analysis of the discriminatory performance of CD200, CD148 and CD160 markers in the differential diagnosis of different MBNs. ROC analysis was used to identify cut-off value, sensitivity and specificity, and the AUC of each marker diagnostic test in the differential diagnosis of MBNs (Table II and Fig. 2 ). CD200 yielded statistically significant fluorescent signals that could potentially aid in discriminating MCL from CLL (AUC=94%), HCL from LPL and SZML (AUC=100%), and SZML from HCL and LPL (AUC=77.6%). However, it failed to yield a statistically significant signal to discriminate LPL from HCL and SZML (AUC=56%). CD148 yielded statistically significant fluorescent signals in differentiating MCL from CLL (AUC=85.7%), HCL from LPL and SZML (AUC=97.1%), and LPL from HCL and SZML (AUC=84.5%), but failed to yield a significant signal to differential SZML from HCL and LPL (AUC=56%). CD160 was successful in differentiating MCL from CLL (AUC=74.7%) and HCL from LPL and SZML (AUC=83.8%).
For the comparison of the discriminatory performance of different markers, we compared the AUC of different markers (Table II) . CD200 was significantly more superior than CD160 for discriminating MCL from CLL. Although CD148 demonstrated a lower performance than CD200 in discriminating MCL from CLL, it was not significantly different from CD160. For the discrimination of HCL from LPL and SZML, CD200 demonstrated the highest performance (AUC=100%) followed by CD148 (AUC=97%) and lastly by CD160 (AUC=83.8%), albeit with no significant difference between all of them (Table II) . For the discrimination of LPL from HCL and SZML, CD148 and CD160 yielded moderate discriminatory performance that could negate their clinical utility (Table II) . For the discrimination of SZML from HCL and SZML, CD200 was the only marker that yielded a significant signal, but with moderate discriminatory performance as judged by an AUC of 77.6%, which questions its clinical utility for this purpose.
ROC analysis of the discriminatory performance of combined markers in the differential diagnosis of different MBNs. We used the MFI ratio of any 2 markers to assess their discriminatory performance (Table III) . The comparison of sensitivity, specificity and the AUC (Table III and Fig. 2 ) revealed that the CD148/CD200 ratio outperformed single CD200, CD148 and CD160 markers, and CD160/CD200 and CD148/CD160 ratios in differentiating MCL from CLL and HCL from LPL plus 
Marker Expression CLL n (%) MCL n (%) LPL n (%) SMZL n (%) HCL n (%) FLa n (%) B-PLLa n (%) CD200 SMZL. Although the CD148/CD160 ratio exhibited a lower performance than the CD148/CD200 ratio, the differences were not statistically significant. In addition, CD148/CD160 was the only combination that yielded a significant AUC (82.7%) when discriminating LPL from HCL and SZML, but with moderate performance that negated its clinical utility.
Support vector machine analysis of the discriminatory performance of combined CD148 and CD200 in MBN cases.
As CD148/CD200 demonstrated the best performance, we analyzed the expression pattern of the 2 markers, rather than their MFI ratio, using SVM. We aimed to find an optimal linear hyperplane (decision boundary) that could be compared with the finding of ROC analysis of the MFI ratio of the two markers. As shown in Fig. 3A , the decision boundary that best discriminated between MCL from CLL had a slope of 2.2, which agrees well with the cut-off ratio of 2.6 identified in ROC analysis. SVM discriminated MCL from CLL cases with 100% sensitivity and 97.9% specificity, which was very close to ROC analysis. As shown in Fig. 3B , SVM discriminated HCL cases from LPL and SZML with 100% sensitivity and a specificity similar to that of ROC analysis. As shown in Fig. 3B , there was difficulty in finding a decision boundary between LPL and SZML due to their overlapping expression pattern. SVM discriminated LPL from SZML and HCL with a sensitivity of 90%, but with a specificity of 57%. These results closely matched those of ROC analysis.
Discussion
Immunophenotyping by flow cytometry constitutes an important pillar of the diagnostic makeup of leukemia and lymphomas because of its simplicity, cost-effectiveness and capability of characterizing multiple cellular characteristics simultaneously. The characterization of the differential cellular expression pattern of different antigenic markers in lymphoid disorders could enhance the accuracy of flow cytometry-based diagnosis. In the current study, we evaluated the utility of using single and dual combination of CD148, CD160 and CD200 in the differential diagnosis of different types of mature B-cell neoplasms. CD200 and CD148 exhibited reciprocal expression patterns in CLL, whereas CD160 exhibited a high expression pattern in CLL. The differential expression patterns of the 3 markers suggested that combination of 2 markers could enhance the flow cytometric-based differential diagnosis of MBNs. In this study, we first evaluated the performance of single markers in differentiating CLL from MCL. Both neoplasms are morphologically indistinguishable in many cases which complicates clinical management as these two diseases require drastically different lines of treatments. Single marker analysis confirmed the previously reported a high expression of CD200 in CLL (16, 27, 28) . Fluorescence intensity less than the cut-off value (117.5) determined by ROC curve analysis differentiated MCL from CLL with a sensitivity of 100% and a specificity of 74.5%. CD148, in contrast to CD200, exhibited a low expression pattern in MCL compared to CLL. A fluorescence intensity higher than the cut-off value (270) determined by ROC curve analysis differentiated MCL from CLL with a sensitivity and specificity of 83.3 and 83.0%, respectively. This pattern of CD148 expression was previously reported (18, 29) . Although CD148/CD200 demonstrated the best discriminatory performance, it was not significantly different from CD148/CD160. Both CD148/CD200 and CD148/CD160 demonstrated significantly superior performance than CD160/CD200. (C) Discriminatory performance of single marker in differential diagnosis of HCL from LPL and SZML. CD200 was not significantly different than CD148 and both were significantly superior to CD160. (D) Discriminatory performance of combined markers in the differential diagnosis of HCL from LPL and SZML. Although CD148/CD200 demonstrated the best discriminatory performance, it was not significantly different than CD148/CD160. Both were significantly superior to CD160/CD200. (E) Composite graph of (A and B) to show the comparison of all single and combined markers performance in differentiating MCL from CLL. CD148/CD200 demonstrated significantly superior performance than all single and combined markers except CD148/CD160. (F) Composite graph of (C and D) to show comparison of all single and combined markers performance in differentiating HCL from LPL and SZML. The performance of CD200 and CD148/CD200 demonstrated exactly similar performance. ROC, receiver operating characteristic; mature B-cell neoplasm; MCL, mantle cell lymphoma; CLL, chronic lymphocytic leukemia; HCL, hairy cell leukemia; LPL, lymphoplasmacytic lymphoma; SMZL, splenic marginal zone lymphoma.
Using the combined markers CD148/CD200 improved the distinction between MCL from CLL. A cut-off value of a ratio >2.6 was successful in discriminating MCL from CLL with 100% sensitivity and specificity. Similar results were obtained with SVM, which utilizes a different statistical algorithm than ROC analysis. A decision boundary slope of 2.3 was found to discriminate MCL from CLL with an accuracy of 98.3% (Fig. 3A) . The diagnostic utility of CD148/CD200 could be Figure 3 . Support vector machine analysis of the discriminatory performance of CD148 and CD200 in MBN cases. The 'x' symbol represents data points used as support vectors to construct the discriminatory boundary between diagnosed classes, whereas the circular symbol 'o' represents the remaining data points. True classes are highlighted using symbol color (red for MCL and black for CLL or red for LPL, green for SZML and black for HCL), whereas the predicted class was highlighted using the colored background identified through the optimization process. (A) Linear SVM could accurately discriminate MCL from CLL cases with an accuracy of 98.3%. The discriminatory boundary has a slope of 2.2, which reflects the ratio of CD148/CD200. This results agrees well with that obtained by ROC analysis. (B) Multiclass classification with linear SVM using one-against-one classification strategy could accurately distinguish HCL from LPL and SZML but could not accurately distinguish LPL from SZML. This result recapitulates the results of ROC analysis. In all analyses, the tune function in package e1071 was used to optimize the cost function to provide the highest classification with least error. MBN, mature B-cell neoplasm; MCL, mantle cell lymphoma; CLL, chronic lymphocytic leukemia; HCL, hairy cell leukemia; LPL, lymphoplasmacytic lymphoma; SMZL, splenic marginal zone lymphoma. of value to the differential diagnosis of cases of CLL with trisomy 12, in which many cases were reported to exhibit a dim CD200 expression. In such cases, the high expression of CD148, as demonstrated by the high ratio of CD148/CD200, could enhance their diagnosis. The expression pattern of CD160 was parallel to that of CD200 with a high expression in CLL and a low expression in MCL. A cut-off value of <95.5 demonstrated a perfect sensitivity of 100% in differentiating MCL from CLL, but with a very low specificity of approximately (57.5%). This result supports the finding of Lesesve et al (30) who recommended that CDs160/200 expression levels should be included in a multiparameter approach as a second step in ambiguous cases. The combined use of CD148/CD160 significantly improved the diagnostic performance (AUC=95% vs. 74.7% in CD160 alone), but it was still lower than that of CD148/CD200 (AUC=99.5%). The combined use of CD160/CD200 demonstrated the lowest discriminative performance of MCL from CLL (AUC=67.7%; Fig. 2 ).
Subsequently, we evaluated the performance of each marker in the differential diagnosis of HCL from SZML and LPL. These neoplasms are difficult to be distinguished in many cases either morphologically or immunophenotypically with the standard marker panel. We observed a high CD200 MFI in HCL compared to LPL and SMZL, which was consistent with previous reports (16, 17) . Using ROC curve analysis of CD200 MFI, we identified a threshold value of 279 to maximally differentiate HCL from SZML and LPL. CD200 MFI >279 in our sample could perfectly discriminate HCL from SZML and LPL with 100% sensitivity and specificity. We could not establish a CD200 cut-off value to discriminate SZL and LPL. This could be explained by a similarly low CD200 expression in both SZML and LPL. Similar results were observed for CD148, in which we established a cut-off value of 77.6 to maximally differentiate HCL from LPL and SZML. CD148 MFI levels <77.6 were successful in discriminating HCL from LPL plus SZML (sensitivity 100% and specificity of 88.2%). This could be explained by the low CD148 expression in HCL, but a high expression in SZML and LPL. We could not establish a cut-off value to discriminate between LPL and SZML. The CD160 demonstrated a pattern of expression similar to CD200 with high MFI in HCL but low MFI in SZML and LPL. This pattern was previously reported by others (30, 31) . We established a cut-off value of 78.8 for CD160 to maximally discriminate between HCL from SZML and LPL. This resulted in moderate discriminatory performance with an AUC of 83.8%. Thus, although the CD160 expression pattern was similar to that of CD200, it demonstrated a lower performance in discriminating HCL from SZML plus LPL. The similar expression pattern in SZML and LPL did not allow establishing any cut-off value to differentiate between them.
We also assessed whether the utilization of two combined markers would improve the discrimination between HCL, LPL and SZML. ROC analysis identified a CD148/CD200 cut-off ratio of <0.15 that achieved 100% sensitivity and specificity in discriminating HCL from both LPL and SMZL. However, discrimination between LPL from SMZL was unfeasible. CD148/CD160 demonstrated a lower performance, but not with a significant difference, from CD148/CD200 in discriminating HCL from LPL and SMZL (Table III) . Ratio values below the established cut-off value of approximately 4.8 demonstrated a good discriminatory performance of HCL from LPL plus SMZL (AUC=95.6%) with a sensitivity and specificity of 100 and 88%, respectively. In contrast CD160/CD200 demonstrated poor performance in differentiating any of HCL from LPL plus SMZL or LPL from SMZL.
We evaluated the discriminatory performance of a linear SVM classifier using the CD148 and CD200 data. Given the 2-dimensional nature of our data, the discriminatory hyperplane was just a line. The SVM discriminatory accuracy of MCL from CLL cases achieved 100% sensitivity and 97.9% specificity (Fig. 3A) , whereas it achieved 100% sensitivity and specificity in discriminating HCL from LPL and SZML cases (Fig. 3B) . It was difficult to find a decision boundary between LPL and SZML, where the SVM discriminatory accuracy of LPL from SZML and HCL achieved a sensitivity of 90% and a low specificity of 57%. These results demonstrate that SVM classification accuracy matched that of ROC analysis.
One limitation of our study was the limited sample size. The results need to be validated in independent and larger samples. Obviously the cut-off ratios of combined markers that achieve best discriminatory performance need to be established operationally in each laboratory. In conclusion, we provided operational diagnostic criteria for the use of single or combined CD200, CD148, and CD160 markers in the differential diagnosis of different MBNs subtypes in flow cytometry setting. The combined use of CD148/CD200 has outperformed CD160/CD200, CD148/CD160, and all single markers in discriminating MCL from CLL. CD200 was as efficient as CD148/CD200 in discriminating HCL from SMZL plus LPL. Distinction between SMZL and LPL was unfeasible with the used markers and still need further research to identify suitable markers. Both SVM and ROC classifiers yielded similar discrimination accuracy in the differential diagnosis of different MBN subtypes. This result suggests that SVM may be a suitable alternative for ROC analysis given its capability of classifying multidimensional data without intermediary calculations and its amenability for automation.
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